Abbreviations: (AD) Alzheimer's disease, (PPARγ) peroxisome proliferator-activated receptor γ
Throughout history, many plagues and illnesses have ravaged societies around the world. While through medicine, hygiene, and education we have largely been able to control or eliminate infectious and contagious ailments ranging from bubonic plague and leprosy to polio and small pox, we currently see an epidemic increase in diabetes. With over 20% of individuals over the age of 60 currently suffering from this disease and with an additional 1.5 million new cases diagnosed for patients over 20 years of age in 2005, diabetes is now among the greatest threats to public health today. 1 Many factors are known to influence the risk of acquiring type 2 diabetes. Among these are genetic factors such as familial history and health factors including high blood pressure. Table 1 summarizes key risk factors associated with type 2 diabetes 2,3 correlated with Alzheimer's disease (AD) risk factors 4 and grouped into respective classes. Although little can be done with respect to genetic risk factors and age for both diseases, appropriate lifest yle changes can impact health. Furthermore, the risk factors common to both diseases may allude to an underlying physiological link. Thus, as addressed in the following paragraphs, much interest is focused on the relationship between these diseases and the incidences of developing one once diagnosed with the other.
Regarding therapeutic interventions for diabetes, current standards of care rely on control of blood glucose levels. However, in recent years, attention has focused on pancreatic function as it relates to diabetes.
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Abstract
Type 2 diabetes constitutes a major health risk in the United States, with over 20% of individuals over the age of 60 currently suffering from this disease and an additional 1.5 million new cases diagnosed in patients over 20 years of age in 2005. Similarly, Alzheimer's disease represents a major risk to the aging population, with recent statistics estimating up to 16 million people diagnosed by 2050 in the United States alone. As type 2 diabetes and Alzheimer's disease are now recognized as members of the broader class of amyloid diseases and because the pathologies of disease progression between these indications is similar, common strategies focused on the design of next-generation therapeutics can be envisioned and are discussed herein.
Specifically, as progressive reduction in insulin secretion is a hallmark of type 2 diabetes, the machinery responsible for insulin production and release has attracted significant interest. Looking at the islets of Langerhans (the pancreatic cell structures that produce insulin), researchers found amyloid protein deposits in subjects suffering from type 2 diabetes. Interestingly, in animal models, these deposits were shown to induce diabetes, whereas in humans, amyloid deposits and associated fibrils were linked to diabetes-associated islet dysfunction. 5 this effect to the ability of PPARγ agonists to induce neuronal mitochondrial biogenesis while also improving cellular glucose utilization. 7 While the various disorders associated with AD have probably been known for centuries, this ailment was characterized for the first time in the early 20th century by German psychologist Alois Alzheimer and his colleague Emil Kraepelin. While Kraepelin had classified and grouped the symptoms, it was Alzheimer who had discovered the plaques and fibrils presenting in the brains of those succumbing to the fatal end point of this disease. 8 Today, like diabetes, AD represents a significant and growing influence on our aging population. In fact, recent statistics estimate that by 2050, up to 16 million people will suffer from this devastating disease in the United States alone. 9 Risk factors believed to contribute to development of AD are listed in Table 1 . While not confirmed conclusively for all factors, primary influences include age, level of mental activity, family history, female gender, and diabetes. Less established influences include high blood pressure and high cholesterol. With respect to diabetes, recent studies allude to neuronal insulin resistance (brain diabetes) as a causative factor in the development of AD. 10 Finally, as a factor directly linking diabetes to AD, decreased catalytic activity of insulin-degrading enzyme, an enzyme responsible for the degradation of amyloid peptides, was demonstrated in AD patients with familial histories of the disease. 11 A recent review extensively covers the importance of insulin resistance as it relates to both diabetes and AD. 12 Patients suffering from AD generally present with progressive dementia, neurodegeneration, memory loss, cognitive decline, and behavioral dysfunction. As the disease progresses, these symptoms are correlated with pathogenic features in cranial tissue, which include aggregates of β-amyloid protein and neurofibrillary tangles made up of τ-protein filaments. Aggregates of β-amyloid are known to be toxic to neurons, 13 and τ-protein filaments have been implicated in mediating β-amyloid-induced neurotoxicity. 14 AD researchers at the University of Virginia demonstrated that prefibrillar β-amyloid induces τ-dependent microtubule disassembly, leading to neuronal cell toxicity. 15 Ultimately, while disease progression is because of the presence of amyloid plaques and neurofibrillary tangles, leading to excessive loss of neuronal cells, early symptoms of cognitive impairment are linked to a measurable decline in acetylcholine levels. 16 The noninsulin hypoglycemic agents used to treat type 2 diabetes stimulate either increased release of insulin or increased sensitivity to insulin. Relating diabetes to AD, thiazolidinediones such as Avandia (rosiglitazone, GlaxoSmithKline) and Actos (pioglitazone, Takeda/Eli Lilly) act through stimulation of peroxisome proliferatoractivated receptor γ (PPARγ). These drugs are known to control glucose and lipid metabolism through modulation of transcription of insulin-sensitive genes and to reduce hepatic insulin resistance. Finally, of the thiazolidinediones, rosiglitazone is currently being studied for use in treating AD. 6 A recent study links Because of the link between AD symptoms and ne u r ot ra n sm it t er level s, f i r st-l i ne t herap e ut ic interventions focus on preserving neuronal levels of acetylcholine through inhibition of acetylcholinesterase. Such therapeutics, listed in To address concerns regarding the long-term utility of symptomatic treatments for AD, many groups are now focused on its underlying progressing pathology. In this arena, attention is directed at inhibiting production of β-amyloid, inhibiting β-amyloid aggregation, or inducing disaggregation and clearing of β-amyloid plaques. The latter of these strategies is an interesting approach because symptomatic reversal due to accumulation of β-amyloid plaques has not been considered viable. However, research has demonstrated that β-amyloid aggregation and memory loss in the Tg2567 mouse model system may both be reversible. 18, 19 Drugs designed to interfere with the cascade leading to β-amyloid aggregation are now in late-stage clinical trials and are included in Table 2 . Among these is Alzhemed (tramiprosate, Neurochem), which is currently in phase III clinical trials and acts by inhibiting the formation of β-amyloid fibrils while also reducing levels of soluble β-amyloid. Additionally, Flurizan (MPC-7869, Myriad Genetics) is in phase III clinical trials as an agent that also reduces β-amyloid levels. Regarding the formation of β-amyloid, γ-secretase accomplishes this through cleavage of a larger protein. Thus, LY450139 (Eli Lilly) is in phase II clinical trials as a γ-secretase inhibitor. Furthermore, AAB-011 (Elan Pharmaceuticals/Wyeth), a monoclonal antibody that binds to and clears β-amyloid, is currently in phase II clinical trials.
As alluded to in the preceding paragraphs, both AD and type 2 diabetes belong to a class of diseases linked to amyloid proteins. The term "amyloid" refers to a family of proteins deposited in various tissues and identifiable using aromatic dyes such as Congo red. Historically, these proteins were mischaracterized and thus named amyloids after the Latin word for starch. 20 Amyloid proteins are generally found extracellularly and are known to recruit additional factors, leading to large and indefinable structures. 21 Additionally, amyloid-like deposits have been identified in intracellular space. 22 While amyloid proteins are widely found throughout nature and, particularly, in mammalian systems, diseases associated with amyloid plaque deposition are generally the result of misfolding of these proteins. Identification of such diseases began with the realization that scrapie was caused by the transmission of infectious misfolded proteins now known as prions. Ultimately, prions were recognized as being composed of amyloids and allowed the classification of scrapie as a member of this family of transmissible neurologic disorders that include kuru, bovine spongiform encephalopathy, and Creutzfeldt-Jakob disease. 23 Moving from the infectious class of amyloid-related disorders to those neurologic disorders that develop based on currently unknown mechanisms, we find Huntington's disease, 24 Parkinson's disease, 25 and AD. Finally, amyloids are now associated with nonneurological disorders, including type 2 diabetes and some instances of heart failure. 26 Although amyloids have been identified as causes for many of these diseases, it is important to remember that there is still much debate whether, for all of these diseases, amyloids are the cause or simply an observable pathologic outcome. Nevertheless, with amyloid plaque deposition being recognized as a component of so many diseases with limited treatment options, a reasonable expectation now exists that, for at least some of these indications, targeting amyloid pathology will lead to therapeutically beneficial outcomes.
With the common pathological progressions linking type 2 diabetes with AD, research has focused on the risk of developing one disease once diagnosed with the other. In addressing this issue, one study indicated that cognitively impaired subjects had elevated levels of both insulin and Aβ42, the amyloid protein responsible for plaque deposition in neuronal tissue, as compared to cognitively normal subjects. 27 In an additional study, expression of insulin was found to decline as a function of the progression of AD. 28 Finally, one review addressed many of the factors linking AD to type 2 diabetes with concluding remarks alluding to the possible future ability of treating both diseases with common therapeutics. 29 As d i sc u ssed prev iou sly, prog ress towa rd t he advancement of treatments for AD is reflected in ongoing studies and late-stage clinical trials for drugs targeting amyloid plaque deposition and destruction of associated fibrils. With the common pathologies linking AD with type 2 diabetes, the development of agents capable of interrupting the progression of pancreatic amyloid deposition and facilitating destruction of associated plaques represents a currently unavailable strategy for the treatment of diabetes. While the recent launches of Symlin (pramlintide, amylin) and Byetta (exenatide, amylin) present new approaches for the control of diabetes, their novel mechanisms of action, like current therapies, target control of blood glucose levels and not the underlying pathology leading to pancreatic dysfunction. However, if deteriorating pancreatic function can be stabilized through preservation of islet activity, and if clearance of pancreatic amyloid plaques can result in restored production of insulin, then this strategy offers new opportunities to improve the quality of life for millions suffering from the progression of diabetes and its associated debilitating complications.
